Introduction {#Sec1}
============

Type 2 diabetes mellitus (T2DM) is a progressive disease where hyperglycemia occurs when insulin secretion fails to keep pace with insulin resistance.[@CR1] Therefore, long-term disease management warrants intensification of treatment over time, especially in step with declining beta-cell function.[@CR2] In general, T2DM management commences with lifestyle and dietary advice, with an oral antidiabetic drug (OAD) added if glycemic control remains or becomes suboptimal. Metformin is often recommended as the first-line pharmacotherapy given its well-established efficacy, as well as being weight-neutral and inexpensive.[@CR3] Metformin can be used in combination with other OADs or insulin, but the traditional OADs (sulfonylureas \[SU\] and thiazolidinediones \[TZD\]) and insulin are associated with weight gain, which can compromise patients' ongoing attempts at weight reduction.[@CR4] At the point of introducing exogenous insulin, depending on national guidelines and individual preferences, OADs other than metformin are often discontinued. The ultimate level of intervention is to add mealtime bolus insulin to, typically, basal insulin plus metformin, or to substitute a premixed insulin regimen.

Over the last few years we have seen the advent of newer drugs in the form of incretin-based therapies. These act primarily by increasing the physiological effects mediated via the hormone glucagon-like peptide-1 (GLP-1), which is secreted along with glucose-dependent insulinotropic polypeptide (GIP) by intestinal cells when food is ingested, probably via the neural and endocrine signals associated with feeding.[@CR5] GLP-1 and GIP have multiple actions that enhance beta-cell response in a glucose-dependent fashion. In T2DM, the incretin response is diminished.[@CR6] However, the insulinotropic action of GIP is diminished, while that of GLP-1 is preserved, although the secretion of GLP-1 appears to be diminished.[@CR7],[@CR8] Nevertheless, as the tissue sensitivity to GLP-1 is preserved[@CR7],[@CR9] restoration of GLP-1 signal forms the basis of use of GLP-1 receptor agonists as a therapeutic option in T2DM.

Two strategies can restore the GLP-1 signal: inhibiting the enzyme dipeptidyl peptidase-4 (DPP-4), which rapidly degrades GLP-1 *in vivo* resulting in increased concentrations of endogenous GLP-1; or using DPP-4 resistant mimetics of GLP-1 (eg, GLP-1 receptor agonists \[GLP-1RA\]). Drugs acting through the former mechanism are called incretin enhancers, while those with the latter action are classed as incretin mimetics.

The various effects (both insulinotropic and extra-pancreatic) of GLP-1 are well documented. Most of these effects complement the role of incretin therapy in T2DM ([Table 1](#Tab1){ref-type="table"}).[@CR7],[@CR10]--[@CR17] From a blood glucose-lowering point of view, the most appealing property is that GLP-1 glucose dependently increases insulin secretion and suppresses glucagon secretion. Therefore, these actions manifest only in the setting of hyperglycemia. Moreover, counter-regulatory responses to hypoglycemia (including glucagon secretion) are fully preserved, even when pharmacological levels of GLP-1 are administered.18 In addition, GLP-1 induces satiety and has weight limiting effects,[@CR13],[@CR19],[@CR20] along with potential beta-cell sparing actions.[@CR15],[@CR16]Table 1Potential benefit of incretin therapy in the treatment of type 2 diabetes mellitus**Summary of pancreatic and extra-pancreatic effects of glucagon-like peptide-1 in humans**Glucose-dependent stimulation of insulin secretion[@CR7]Glucose-dependent suppression of glucagon secretion[@CR7]Enhanced glucagon secretion during hypoglycemia[@CR10],[@CR11]Reduced gastrointestinal motility and pancreatic exocrine function[@CR12]Increased satiety[@CR13]Improvement of beta-cell function[@CR14]Increased beta-cell mass with inhibition of beta-cell apoptosis[@CR15]--[@CR17]

DPP-4 inhibitors (incretin enhancers) are orally available drugs that are weight neutral with low propensity to cause hypoglycemia.[@CR5],[@CR21],[@CR22] Several DPP-4 inhibitors have been developed (e.g. vildagliptin, sitagliptin, saxagliptin).

Currently, two GLP-1RA (incretin mimetics) are clinically available (exenatide, which is administered twice daily \[b.i.d.\] and liraglutide, administered once daily \[o.d.\]). Both are given subcutaneously. GLP-1RA reduce hyperglycemia in T2DM either when given as monotherapy or when added to various OAD regimens, and incretin mimetics often achieve weight loss.[@CR5] Like DPP-4 inhibitors, GLP-1RA carry a low risk of hypoglycemia. Gastrointestinal adverse effects are transient, with nausea generally subsiding by 8 weeks after initiation of exenatide treatment and by 4 weeks after initiation of liraglutide treatment.[@CR23]

Even though incretin enhancers and mimetics act through the same therapeutic axis, their overall drug profile varies ([Table 2](#Tab2){ref-type="table"}). Hence, these differences offer a unique role for each of the drug groups in the treatment algorithm for T2DM. Table 2Comparing different types of incretin based therapy**GLP-1 receptor agonists (incretin mimetics)DPP-4 inhibitors (incretin enhancers)**Mode of actionIncreased receptor signaling, results in pharmacological levels of GLP-1, specific effect and hence results in extra-pancreatic effects such weight loss and delayed gastric emptyingIncreased levels of circulating GLP-1; nonspecific, limited by endogenous secretionRoute of deliveryParenteral (subcutaneous injection)OralHbA~1C~ reduction0.8% to 1.8%0.5% to 1.1%Effects on weightInduces weight lossWeight neutralSide effectsIncreased GI symptoms, potentially increased propensity to cause hypoglycemia, in comparisonFewer GI side effects and comparatively reduced risk of iatrogenic hypoglycemiaDPP-4=dipeptidyl peptidase-4; GI=gastrointestinal; GLP-1=glucagon-like peptide-1; HbA1C=hemoglobin A1c.

Safety and Adverse Events with Incretin Based Therapy {#Sec2}
=====================================================

The most common side effect with GLP-1RA is nausea and, occasionally, vomiting. The frequency of gastrointestinal adverse events is less pronounced with DPP-4 inhibitors. Generally symptoms diminish over time. Some patients have reported diarrhea with GLP-1RA. Post-marketing cases of acute pancreatitis in patients treated with exenatide and acute pancreatitis in patients treated with liraglutide in clinical trials have led to amended label precautions for these agents. Similar case reports with sitagliptin (88 cases reported to the Food and Drug Administration \[FDA\] between October 2006 and February 2009) have been reported. However, patients with T2DM have a three-fold increased risk of pancreatitis compared with individuals who do not have diabetes.[@CR24] In summary, the data so far does not establish causality in terms of the use of incretin-based therapy, and a possible increase incidence in pancreatitis. However, a precautionary note is now included in all the drug labels and also warrants appropriate patient education.

Thyroid neoplasia preclinical rodent studies with liraglutide have shown an increase in C-cell thyroid cancer, which so far has not been demonstrated in monkeys or humans.[@CR25] Based on the preclinical studies in rodents, the FDA has requested a boxed warning for liraglutide, which includes contraindications for use in "\...patients with a personal or family history of medullary thyroid carcinoma (MTC) or in patients with Multiple Endocrine Neoplasia syndrome type 2 (MEN 2)."[@CR25] Recent findings from a large screening study in 5000 subjects treated with liraglutide did not support an effect of GLP-1 receptor activation on serum calcitonin levels in humans, as reported in rodent studies.[@CR26] However, ongoing studies are evaluating the long-term safety of incretinbased therapy.

Other adverse events include hypoglycemia, particularly when GLP-1RA are used in conjunction with other OAD, especially secretagogs. Injection site-related adverse events, such as itching and skin rashes, have also been reported. Less commonly, allergic reactions have been reported. Since 2009, the FDA required the possible associations between the use of exenatide and altered renal function to be highlighted in the prescribing information.

The optimal role of incretin-based therapies is still emerging. However, given their unique pharmacological properties, it is imperative that we explore further their changing roles within our treatment algorithms for T2DM. Most studies to date have assessed incretin-based therapies as monotherapy or in combination with standard OADs.[@CR5],[@CR22] Accordingly, a growing number of treatment guidelines now incorporate incretin-based therapies, generally suggesting their consideration as add-ons to metformin or metformin plus other OAD combination therapy, and before resorting to insulin.[@CR2]

Exenatide has also been compared with insulin therapy as an add-on to OAD. Heine et al.[@CR27] compared response to addition of exenatide (10 μg b.i.d.) versus insulin glargine (titrated to target fasting plasma glucose \[FPG\] of \<5.6 mmol/L) in sub optimally controlled T2DM with metformin and/or sulfonylurea. At the end of the 26-week period both exenatide and insulin glargine reduced hemoglobin A1c (HbA~1c~) levels by 1.11% (difference, 0.017 percentage point \[95% CI −0.123 to 0.157 percentage point\]). Exenatide reduced postprandial glucose excursions more than insulin glargine, while insulin glargine reduced fasting glucose concentrations more than the exenatide group. In addition, subjects in the exenatide group lost an average of 2.3 kg, but also showed a higher incidence of gastrointestinal side effects. On the other hand, the glargine group had lower FPG levels, but with an average weight gain of 1.8 kg. There were similar rates of hypoglycemia in both groups; nocturnal hypoglycemia was less common in the exenatide group (0.9 event/patient-year versus 2.4 events/patient-year; difference, −1.6 events/patient-year \[CI, −2.3 to −0.9 event/patient year\]).

Exenatide has also been compared with biphasic insulin aspart.[@CR28] In a 52-week randomized control trial, glycemic control achieved with exenatide was non-inferior to that achieved with biphasic insulin aspart (mean±standard error of mean \[SEM\], HbA~1c~ change: exenatide −1.04 ± 0.07%, biphasic insulin aspart -0.89 ± 0.06%; difference -0.15 \[95% CI −0.32 to 0.01\]%). The exenatide group showed a weight reduction of 2.5 kg, while the biphasic insulin group had a weight increase of 2.9 kg. Liraglutide has shown favorable effects on glycemic control in comparison to insulin glargine (significant HbA~1c~ reduction \[liraglutide vs glargine\] 1.33% vs 1.09%; −0.24% difference, 95% CI 0.08, 0.39; *P*=0.0015) and placebo (−1.09% difference, 95% CI 0.90, 1.28; *P*\<0.0001) in the 26-week randomized Liraglutide Effect and Action in Diabetes (LEAD)-5 trial.[@CR29] There was greater weight loss with liraglutide versus placebo (treatment difference −1.39 kg, 95% CI 2.10, 0.69; *P*=0.0001), and versus glargine (treatment difference −3.43 kg, 95% CI 4.00, 2.86; *P*\<0.0001).

Furthermore, the phase 3 Diabetes Therapy Utilization: Researching Changes in A1C, Weight and Other Factors Through Intervention With Exenatide Once Weekly (DURATION-3) trial compared once weekly exenatide against glargine.[@CR30] In this 26-week, open-label, randomized, parallel study, exenatide was compared with insulin glargine in adults with suboptimally controlled T2DM, despite using the maximum tolerated doses of OADs for 3 months or longer. Investigators randomly allocated 456 patients to treatment, who were included in the modified intention-to-treat analysis (233 exenatide, 223 insulin glargine). The change in HbA~1c~ at 26 weeks was greater in patients taking exenatide (*n*=228; −1.5%, standard error \[SE\] 0.05) than in those taking insulin glargine (*n*=220; −1.3%, 0.06; treatment difference −0.16%, 0.07, 95% CI −0.29 to −0.03). A planned extension period (up to 2.5 years' duration) is in progress.[@CR30]

Given the evidence, incretin-based therapy in T2DM now appears to be well established as the second- or third-line agents prior to initiation of insulin.[@CR2],[@CR31] However, there are arguments for the adoption of incretin-based therapies earlier in the natural history of T2DM. Since GLP-1 acts as an insulin secretagog, incretin-based therapies are likely to have their optimal effect, while beta-cell function is preserved. There is also evidence from in vitro and animal studies that these agents could preserve beta-cell mass and function, and hence, potentially slow or halt disease progression.[@CR16],[@CR17] Moreover, there is increasing interest in using the incretins in combination with exogenous insulin therapy. The next section reviews the potential clinical role of such regimens, given the pathophysiology of T2DM.

Future Role For Incretin Therapy {#Sec3}
--------------------------------

Hyperglycemia in T2DM typically manifests initially as elevated postprandial glycemia (PPG), followed by fasting hyperglycemia.[@CR32],[@CR33] Furthermore, postprandial insulin secretion is greatly influenced by the incretin system, and the incretin system appears to be impaired in T2DM. Moreover, glucagon secretion is inappropriately elevated in T2DM. Hence, hepatic glucose output is increased, contributing to both postprandial and fasting hyperglycemia.[@CR34],[@CR35] It is, therefore, logical that treatment of T2DM should ideally address the ensuing PPG excursions as well as fasting hyperglycemia. The incretin system is clearly adapted (in normal physiology) to participate in the regulation of nutrient ingestion and disposal in general, and to help limit PPG excursions in particular. Thus, incretin-based therapies should prove helpful in this respect and more effective than traditional OADs, which do not directly address or effectively curtail PPG. Moreover, traditional insulin secretagogs (notably the SU) cannot improve PPG by enhancing alpha-cell function.[@CR36]

PPG can, of course, be addressed by the use of short-acting mealtime insulins, but these carry a higher risk of hypoglycemia than basal insulin,[@CR37],[@CR38] and their use requires frequent injection and glucose monitoring. Short-acting insulin also requires patients to eat to 'counter their insulin', which compromises weight management. Consequently, in T2DM, basal-only insulin supplementation added to metformin (and sometimes other OADs) has gained popularity, particularly in primary care, as a simple and tolerable approach to initiating insulin therapy.[@CR39] This is arguably vindicated by the Treating to Target in Type 2 Diabetes (4T) study in which the choice of a basal-only insulin initiation regimen (using insulin detemir) resulted in a lower cumulative burden of hypoglycemia and weight gain, but similar HbA~1c~ achievement after 3 years when compared to insulin initiation with either prandial or premixed insulin products.[@CR38] Although basal insulin supplementation does not directly address PPG, it carries a low risk of hypoglycemia and may help to rest the beta-cell and relieve glucotoxicity, thereby potentially allowing partial recovery of the endogenous prandial insulin response.[@CR39]--[@CR41] However, with further disease progression, basal insulin alone often proves insufficient to maintain control of HbA~1c~, obliging the addition of prandial insulins. The 4T study illustrated this point by showing that a high percentage of patients commencing treatment with basal insulin required intensification of their initial regimen (67.7% in the biphasic group, 73.6% in the prandial group, and 81.6% in the basal group; *P*=0.002 for the overall comparison) within the 3-year study period.[@CR38]

An alternative to adding bolus insulins to basal insulin might be to combine basal insulin with an incretin since the latter glucose-dependently maximize the preserved prandial insulin response while reducing glucagon levels in the setting of hyperglycemia. This would be particularly applicable to either a short acting GLP-1 receptor agonist (eg, exenatide) or a DPP-4 inhibitor. Studies comparing such combinations of incretin-based therapy have been mentioned further on ([Table 3A](#Tab3){ref-type="table"} and [3B](#Tab4){ref-type="table"}). Placebo-controlled clamp studies have shown that both GLP-1 receptor agonists (exenatide[@CR11]) and DPP-4 inhibitors (vildagliptin[@CR10]) reduce glucagon secretion in conditions of hyperglycemia or euglycemia, yet increase glucagon output during hypoglycemia. Irrespective of the mechanism, the observation of an enhanced counter-regulatory response is consistent with clinical reports of low hypoglycemia rates with these drugs,[@CR5],[@CR22] and opens up the fascinating prospect of an incretin plus insulin regimen providing superior glucose control with a lower risk of hypoglycemia than an insulin regimen without incretin. Table 3AStudies comparing combination of insulin with incretin-based therapies**StudyDesignPatients** (***n***)**DurationResults***GLP-1 based*Yoon et al. 2009[@CR50]Retrospective analysis, heterogeneous group; mean baseline HbA~1C~ 8.05%. Exenatide added to insulin (different regimes).18827 months (split in four intervals)Sustained HbA~1C~ reduction Initial weight loss, maximum mean loss of 6.2 kg (*P*\<0.001) from baseline in 12--18 month interval. Adverse effects --- mainly GI (mild). Two serious adverse events: 1) acute renal failure (one patient, not related to exenatide); 2) acute pancreatitis (one patient in one month after starting exenatide).Buse et al. 2010[@CR51]Prospective placebo controlled, randomized study; 12 years duration of T2DM. Addition of exenatide or matched placebo or glargine (+/− OAD).25930 weeksHbA1C reduced by 1.7% from baseline (8.3%) while in placebo group, HbA~1C~ reduced by 1% from baseline (8.5%; *P*\<0.001, between treatments). Placebo group showed 1 kg weight gain, while exenatide group showed weight loss of 1.8 kg (*P*=0.001, between treatments). Significantly more GI side effects in the exenatide group with nausea experienced by 41% versus 8%.Arnolds et al. 2010[@CR55] (both GLP-1 and DPP-4 inhibitor based)Proof of concept study. Prospective, single centre study involving both GLP-1 analog and DPP-4 inhibitor. Assess post-prandial glycemic control while comparing the response of addition of exenatide (5--10 μg b.i.d.) or sitagliptin (100 mg o.d.) or no further treatment to a regime of metformin and insulin glargine (titrated to fasting blood glucose target \<5.6 mmol/L)484 weeksThe six-hour postprandial blood glucose excursion was significantly lower with both exenatide (*P*=0.0036) and sitagliptin (*P*=0.0008) compared to the non-incretin intervention group. HbA~1C~ changed by −1.9% (exenatide), −1.5% (sitagliptin) and by −1.2% in the non-intervention group. Hypoglycaemia rates were low. Weight loss was seen in the exenatide group (−0.9 kg) and was significantly different to a slight gain in the nonincretin group (+0.4 kg, *P*=0.0377)*DPP-4 inhibitor based*Fonseca et al. 2007[@CR52]Prospective placebo controlled, randomized study, mean duration 14.7 years of T2DM, mean HbA~1C~ 8.4% on high dose insulin with average three injections/day. Randomized to receive 50 mg b.i.d. of vildagliptin or matched placebo.29624 weeksMean HbA~1C~ change: −0.5% in the vildagliptin group and −0.2% in the placebo group (*P*=0.01 between treatments difference). No difference in adverse events rate between both groups. Both mild (1.95 vs 2.96 events/patient/year, *P*\<0.01) and severe hypoglycemia (0.0 vs 0.1 events/patient/year, *P*\<0.05) were less common in the vildagliptin group.Rosenstock et al. 2009[@CR53]Prospective, placebo-controlled, randomized study. Mean duration of T2DM 12--13 years with baseline HbA~1C~ of 9.3%. Once daily alogliptin (12.5 mg or 25 mg) or placebo added to insulin therapy +/- metformin. No change in insulin dose.39026 weeksHbA~1C~ change: −0.63% with 12.5 and −0.71% with 25 mg of alogliptin versus −0.13 % with placebo; *P*\<0.001). No difference in reported hypoglycemia.Vilsboll et al. 2009[@CR54]Prospective placebo controlled randomized study. Duration of T2DM \>12 years with mean baseline HbA~1C~ of \>8.6%. Sitagliptin 100 mg or placebo was added to insulin (basal or premixed regimes) +/- metformin. Insulin and metformin doses were kept constant.64124 weeksHbA~1C~ changed by −0.6% in the sitagliptin group with no change in the placebo group (*P*\<0.001) Hypoglycemia was more common with sitagliptin. No significant change in body weight.Fonseca et al. 2008[@CR67]Extension of previous study from 2007. Patients in placebo group were given vildagliptin 50 mg/day.20052 weeksPatients on 50 mg b.i.d. of vildagliptin from the original study showed sustained HbA~1C~ reduction (−0.5%). Those who switched from placebo to vildagliptin 50 mg o.d. showed mean reduction of −0.4%. Weight remained stable.Table 3BStudies comparing combination of insulin with incretin-based therapies**StudyDesignPatients** (***n***)DurationResults*GLP-1 based*Riddle et al. 2010[@CR56]Pilot study, mean duration of T2DM 8.5 years on metformin plus exenatide 10 μg b.i.d. for an 8 week run up period. Later randomized (blinded) to receive glargine with exenatide or glargine with placebo instead of exenatide.3832 weeks (including 8 weeks run-up period)HbA~1C~ reduced from 7.8% to 7.3% in the placebo group (glargine only) while reduced to 6.45% in those continued on exenatide (*P*=0.06 between groups). Greater proportion of patients continuing exenatide reached HbA~1C~ \<7% (76% versus 24%, *P*=0.003) Weight increased by 4.1 kg in the placebo group (discontinued exenatide) and by 0.4 kg gain in those on combination therapy. No severe hypoglycaemic events.Blevins et al. 2010[@CR57]Prospective study, addition of glargine or insulin lispro (protaminated) to exenatide (used \>3 months) plus OAD. Mean duration of T2DM 9.9 years with mean HbA~1C~ of 8.2%33924 weeksHbA~1C~ decreased by 1.16% in the lispro group and by 1.40% in the glargine group with modest weight gain (+0.3 kg and +0.7 kg respectively).Levin et al. 2010[@CR68]Retrospective audit, data from 20 clinical practices. Effect of adding glargine, exenatide or the combination of two to OAD was assessed.Glargine (93) --- mean age 65 years. Exenatide (150) --- mean age 59 years. Combination (74) --- mean age 60 years.-HbA~1C~ reduction varied, as did the baseline control. Changes of −1.51% (glargine, baseline 9.2%), −0.86% (exenatide, baseline 8.2%) and −0.81% (combination, baseline 8.5%). The glargine only group gained 1.3 kg) while those on exenatide, alone (−3.25 kg) or in combination (−2.65 kg) lost weight.*DPP-4 inhibitor based*TRANSITION study 2011[@CR69]Prospective study in insulin-naíve patients. Compared simultaneous addition of sitagliptin plus insulin detemir (with discontinuation of SU) to introduction of sitagliptin alone with SU continued. Metformin was continued for both groups. Mean HbA~1C~ of 8.5% on metformin and SU.21726 weeksHbA~1C~ changed by −1.44% with detemir plus sitagliptin and −0.89% with sitagliptin +/− SU (*P*\<0.001%) FPG levels were significantly lower in the group on detemir with sitagliptin (FPG decreased by 3.7 mmol/l)than with sitagliptin +/− sulphonylurea (FPG decreased by 1.2 mmol/L; *P*\<0.001). Self-monitored plasma glucose profiles suggested that 2-hour postprandial glucose levels were significantly lower with detemir plus sitagliptin.b.i.d.=twice daily; DPP-4= dipeptidyl peptidase-4; FPG=fasting plasma glucose; GI=gastrointestinal; GLP-1= glucagon-like peptide-1; HbA1C= hemoglobin A1c; OAD= o.d.=once daily; SU=sulfonylureas; T2DM-type 2 diabetes mellitus.

Another argument supporting this concept is that incretin-based therapies (particularly GLP-1RA) added to plus basal insulin could negate the weight gain associated with insulin that can arise through a number of potential mechanisms --- including the retention of previously excreted glucose and an inappropriately high exposure of adipocytes to insulin after systemically administered.[@CR42] This offers the prospect of improved glycemia without weight gain. Finally, it is important to note that current practice is to maintain metformin in insulin-treated T2DM, and this approach is compatible with additional incretin therapy. As well as directly inhibiting hepatic glucose and increasing tissue sensitivity to insulin,[@CR43] metformin also increases GLP-1 levels.[@CR44] This increase follows metformin-mediated increased GLP-1 production[@CR45] and DPP-4 inhibition.[@CR46],[@CR47] Thus, metformin is likely to act additively or synergistically with both DPP-4 inhibitors and GLP-1 derivatives. Indeed, DPP-4 inhibitors have been found to be significantly more effective when combined with metformin than when introduced as monotherapy in previously drug-naive patients.[@CR48],[@CR49] Hence, fixed-combination products are now available. In short, a regimen of incretin-based therapy plus basal insulin could mimic the pharmacological benefits of basal-bolus insulin therapy, but without the attendant calorie counting, and the associated risks of hypoglycemia and weight gain ([Table 4](#Tab5){ref-type="table"}). Table 4Benefits of introducing incretin therapy before establishing patients on insulinPotentially delay or avert the need for insulinLow risk of hypoglycemia in comparison to insulin therapyWeight gain associated with insulin initiation might be minimized by established incretin therapyTolerance to nausea is established before insulin is introduced

Clinical Evidence Supporting Adding Incretin-Based Therapies to Basal Insulin {#Sec4}
-----------------------------------------------------------------------------

Recent clinical studies allude to the advantage of adding incretin-based therapies to basal insulin, especially in terms of offsetting the associated weight gain as well as the reduction or neutrality in incidence of hypoglycemia.[@CR50]--[@CR55] These effects are observed even when incretin-based therapies are added at a relatively later stage of disease. There have also been some studies assessing insulin added to incretin-based therapies.[@CR56],[@CR57] Data from these studies, albeit limited, demonstrates that a GLP-1RA can continue to make a major contribution to glucose lowering once insulin is introduced and supports yet another theoretically appealing treatment approach ([Table 4](#Tab5){ref-type="table"}).

On the other hand, there are pathophysiological and pharmacological arguments for introducing incretin therapies early in the disease process before insulin is needed. For example, the insulin-releasing effect of incretins is likely to decline with progressive beta-cell failure. A recent study in T2DM patients showed that the proinsulin: C-peptide ratio of a beta-cell response to GLP-1 is reduced following a period of near-normoglycemia with insulin treatment,[@CR58] implying that the insulinotropic effect of GLP-1 is more efficient when beta-cells are less stressed. Any ability to reverse or preserve beta-cell mass is also likely to decline with disease progression.[@CR16]

As incretin and insulin therapy becomes more widely used, many more studies will be published. At present, however, with the exception of the Arnolds et al. pilot study,[@CR55] we lack any trials that directly compare alternative incretin therapies in combination with insulin or alternative insulins combined with an incretin therapy. Nevertheless, the evidence so far suggests that GLP-1RA are more effective at mitigating insulin-associated weight gain and generally tend to provide somewhat greater reductions in hyperglycemia than DPP-4 inhibitors. Both liraglutide[@CR59] and extended release exenatide[@CR60] have been shown to lower HbA1c and reduce weight to a greater extent than sitagliptin when added to metformin.

However, possible tolerability advantages for the DPP-4 inhibitors, such as their oral administration and a reduced likelihood of nausea and, perhaps, hypoglycemia,[@CR5] must be weighed against these efficacy advantages of the GLP-1RA. Such issues and the relative performances of incretin plus basal insulin regimens versus basal plus bolus insulin regimens at various stages in the T2DM disease process require testing in future trials. It would also be interesting to study the effects of combination of DPP-4 inhibitors with GLP-1RA, with and without insulin. DPP-4 plays a role in the metabolism of at least some of the GLP-1RA, such as liraglutide;[@CR61] the two drug types could potentially be combined synergistically.

It is also unclear how the efficacy of various incretin plus insulin regimens will change longitudinally in the course of the T2DM disease process, and hence, whether and how we will need to adapt dosing. Some data, mostly preclinical, had suggested that prolonged stimulation of GLP-1 receptors might cause desensitization.[@CR62] The effects studied on islet cells, however, did not translate into clinical desensitization in vivo. Recently, there has also been some human data published in line with GLP-1 receptor desensitization and possible tachyphylaxis.[@CR63] Nauck and colleagues[@CR63] administered native GLP-1 continuously for 8.5 hours to healthy human subjects without T2DM, and assessed the glucoregulatory responses to liquid test-meals given 5 hours apart with ongoing continuous GLP-1 infusion. The ability of GLP-1 to inhibit gastric emptying and glucagon levels was significantly reduced by the second test meal. However, C-peptide and insulin levels were preserved but slightly diminished with the second meal. Levels of pancreatic polypeptide, a marker of vagal activation, were not as inhibited during the second test meal. Hence, even short-term continuous GLP-1 receptor stimulation may be association with some degree of rapid tachyphylaxis, mostly evident in effects mediated through the vagus nerve and gastric emptying.[@CR63]

Immunogenicity is another factor which may potentially affect the efficacy of intecrin-based therapies, affecting especially GLP-1RA. Most of the data around antibodies is based on the findings of the LEAD-6 and DURATION-1 trials.64,65 LEAD-6 was a 26-week trial comparing exenatide 10 μg b.i.d. against liraglutide 1.8 mg o.d. with a 52 week extension period following switch over from exenatide to liraglutide therapy.[@CR64] DURATION-1 compared exenatide 10 μg b.i.d. against once weekly exenatide long-acting release (LAR) (2 mg) over 30 weeks.[@CR65] High titers were noted for antibodies against exenatide (61% at week 26), whereas low titers were observed for anti-liraglutide antibodies (2.6 % at week 79 of continued liraglutide therapy, 3% at week 79 in group switched from exenatide to liraglutide in week 26).[@CR64] After the switch from exenatide to liraglutide, the percentage of patients with anti-exenatide antibodies decreased to approximately 18% by the end of the 78 weeks.[@CR64] The presence of persistent anti-exenatide antibodies did not appear to compromise glycemic response. On the contrary, patients with the highest titers of anti-exenatide antibodies also had the greatest reduction in HbA~1C~.[@CR64] In DURATION-1, anti-exenatide antibody levels were higher with exenatide taken once a week (*P*=0·0002 vs exenatide b.i.d.); however, most antibodies were either not detectable or of low (\<1/625) titre.[@CR65] Despite the presence of higher antibody titers, a significantly greater reduction in HbA~1C~ (1.9%) was observed in the exenatide LAR group in comparison to the exenatide b.i.d. group.[@CR65] Therefore, based on the findings of head-to-head trials, antibody generation was more pronounced for exenatide LAR and less with liraglutide. Overall, liraglutide is less immunogenic than exenatide and antibody titers do not appear to affect glycemic efficacy or safety.[@CR64]

Another related question is whether there is a continuing role for incretin therapies when prandial insulin becomes necessary. An ongoing effect on alpha-cell function would imply that there could be a useful role for incretin therapies in late-stage T2DM and even type 1 diabetes.[@CR66] The prospect of prolonged use of incretin therapies also requires us to study the long-term safety profiles of these agents and regimens. Many useful new insights are likely to emerge from epidemiological and observational studies, as well as those expected from the randomized trials currently in progress. In addition, and most importantly, data in terms of hard cardiovascular endpoints with prolonged use of incretin-based therapy, have yet to accumulate.

Where and When Should We Use Incretin-Based Therapy Plus Insulin? {#Sec5}
-----------------------------------------------------------------

Treatment guidelines currently position incretin-based therapies and insulin after conventional OAD, but from what we know of T2DM pathophysiology and the pharmacology of the incretin therapies, current practices may not produce optimal results. We believe that evidence so far supports the combined use of incretins and insulin early in the T2DM disease process, albeit in selected patients. However, the biggest challenge would be selecting the right group of patients who would derive the maximum benefit from such a combination. In addition, the timing of implementing incretin-based therapy with insulin would be a major determinant of treatment efficacy. Given that progressive beta-cell decline characterizes the natural history of T2DM and given the dependence of incretin-based therapies on endogenous insulin production, it would be prudent to initiate therapy while there is still some beta-cell function remaining. However, to ascertain this in a clinical setting would present a big challenge. Furthermore, there is a lack of clinical data correlating efficacy of incretin-based therapy with declining beta-cell function. In addition, there is little robust data in terms of long-term safety and effect on hard cardiovascular endpoints with incretin-based therapy. Similarly, there is insufficient clinical evidence to substantiate potential role of incretin-based therapy in increasing beta-cell mass and altering T2DM progression.

In our opinion, incretin plus basal insulin therapy has a logical rationale and may provide excellent efficacy and tolerability in the treatment of T2DM for a very selective group of patients. It is, perhaps, better to start with an incretin-based agent and then add insulin rather than vice versa as this avoids the complexity of having to down-titrate insulin, and any nausea issues with GLP-1RA are likely to have subsided with this sequence. While we advocate the introduction of incretin-based therapy prior to insulin, we also stress that patients suboptimally controlled on high-dose basal insulin can nevertheless benefit from the addition of an incretin. Given the evidence from combination studies, a DPP-4 inhibitor at mealtime with basal/premixed insulin or a short acting GLP-1 receptor agonists (b.i.d. or o.d.) with basal/premixed insulin might be preferred. Once again, due to lack of evidence so far, selecting patients who would benefit from such a combination would be dependent on the clinician's expertise. Finally, given the paucity of data, it would be difficult to predict the role of longer acting GLP-1RA such as exenatide LAR, in such combination therapy.

Conclusion {#Sec6}
==========

In summary, data from initial studies looking at a combination of insulin and incretin-based therapy are promising. Though several questions still remain to be answered, there is already evidence to advocate this tactic in patients who are not contraindicated and who have reached the point of requiring intensification from metformin ± other OAD or metformin plus basal-only insulin. The cost of incretin-based therapy, however, remains a major limiting factor, especially in the United Kingdom where healthcare is still primarily state funded. This is particularly pertinent in the current economic climate. Therefore, and in the absence of longterm safety data, it would be prudent to exercise caution with the use of an incretin-based therapy.
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